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In this paper two-photon absorption coefficient 𝛽 and nonlinear refractive index 𝑛2 have been measured at 1064 nm for a new 
two-dimensional (CH3(CH2)2NH3)2(CH3NH3)2Pb3Br10 hybrid perovskite. The nonlinear optical properties were measured using 
transmission and reflection F-scan techniques. As a reference, a three-dimensional CH3NH3PbBr3 has been used. As expected, 
the values obtained for 𝑛2 and 𝛽 show a difference between these two materials. The figure of merit for both, three dimensional 
and two-dimensional perovskites are 𝐹 = 0.31 and 𝐹 = 0.04, respectively, implying that these materials can be used in 
photonics applications such as optical limiting devices and all-optical switching. 
 
Lead halide perovskites have emerged in the last years as very attractive  materials  due to their  
particular optical and transport properties1,2, leading to the fabrication of high performance solar cells and 
more recently to light emitting diodes (LEDs)3,4 and batteries5. The typical structure of a three-dimensional 
(3D) perovskite is ABX3 being A an organic molecule such as methyl ammonium CH3NH3 (MA) or   
formadimidium (FA), or an inorganic cation such as cesium (Cs). Lead (Pb) is commonly used in the B 
position, while I, Br and Cl are used as X site anions. Combinations of these different atoms have been 
used  to tune the band gap and the stability of the material6. Several reports of the non-linear optical 
properties of this material in thin films have been done7–9, showing large third-order optical nonlinearity. 
As a variation of the standard 3D lead halide perovskite, two-dimensional (2D) perovskites have been 
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developed10. This kind of structures are very interesting light harvesting and emitting materials as the 
small MA of the 3D perovskite cation is partially replaced by a larger ammonium cations (A’) used as a 
spacer material, thus confining the perovskite in two dimensions because of steric effects11,12. This kind 
of structure with a general formula (A’)2(MA)n-1PbnI3n + 1 (Ruddlesden–Popper phase) is expected to have 
different optoelectronic properties. The structure is composed by MAPb layers separated by the A’ organic 
cation that insulates the layers and gives a closed structure, which make 2D perovskites notably moisture-
resistant. In this paper, we studied the nonlinear properties of a recently synthesized 2D 
(CH3(CH2)2NH3)2(CH3NH3)2Pb3Br10 perovskite 
5,13 , simplified as (PA)2(MA)2Pb3Br10, where the spacer 
propyl-ammonium (CH3(CH2)2NH3) is expected to change the absorption band edge and improve the light 
emission yield 14–17.  We also used CH3NH3PbBr3 (MAPbBr3) as a 3D reference material to compare our 
findings. Specifically, the nonlinear refractive index 𝑛2 and two-photon absorption coefficient (TPA) 𝛽 
of both, 2D and 3D perovskites were investigated, using the TF-scan 18,19 and RF-scan technique20–24. 
These techniques, which are based in the well-known Z-scan technique25, used an electronically focus 
tunable lens (EFTL) as a dynamic system to generate the nonlinear optical effects in the material. For TF-
scan, the light that is transmitted through the sample is collected by a T-integrating sphere and analyzed 
to obtain the value of 𝛽. In the RF-scan, the light that is analyzed corresponds to light reflected by the 
surface of the sample, and in this case, the value of 𝑛2 is determined. We found through TF-scan and RF-
scan configurations, that 2D and 3D perovskite have high nonlinearities, making it a good candidate in 
photonics applications. 
For this work, films were prepared according to the previous reported method5. Briefly, 
Methylammonium iodide (MAI) and methylammonium bromide (MABr), n-propylammonium iodide 
bromide (PABr) from Dyesol were used as organic cations. Dimethyl sulfoxide (DMSO, Sigma Aldrich) 
and N,N-dimethylformamide (DMF, Alfa Aesar) were used as solvents, lead iodide (PbI2) (Sigma 
Aldrich) and lead bromide (PbBr2) (Alfa Aesar) as lead source. In order to obtain the MAPbI3 precursor 
solution, 159 mg MAI, 461 mg PbI2 and 71.05 µL DMSO (1:1:1 molar ratio) were dissolved in 560 µL 
N,N-dimethylformamide (DMF, Alfa Aesar). For the rest of the compositions, MABr and PbBr2 were 
used to obtain stoichiometric MAPbI2Br, MAPbIBr2 and MAPbIBr3 by replacing MAI and PbI2, 
respectively. For the 2D layered perovskite (CH3NH3)2(CH3(CH2)2NH3)2Pb3Br10, PABr, MABr and 
PbBr2 (2:2:3 molar ratio) were dissolved with 71.05 µL DMSO in 560 µL DMF. Precursor solution was 
deposited on top of 2.5 cm x 2.5 cm glass substrates by spin coating at 4000 rpm for 25 s. After 10 s of 
spin coating, 500 µL of diethyl ether was dropped in order to quickly remove the DMF. The films were 
then annealed at 65 oC for 1 min plus 100 oC for 10 min. 
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To characterize the films, AFM was performed in a MFP-3D AFM (Asylum Research). The tips used 
were Silicon Ti-Ir coated (Asyelec-01) with nominal spring constant of 2.89 N/m and resonance frequency 
of 71.7 kHz. Photoluminescence (PL) and Absorption measurements were taken in a Cary eclipse and 
Cary 100 Varian respectively. X-ray difractograms were collected from obtained powders in a 
PANalytical difractometer. The samples were scanned from 2θ = 10o to 60o in a Bragg-Brentano geometry, 
using Cu-K (1.5408 A) radiation with a step size of 0.04 o and a speed of 5 o min-1. 
 
 
FIG 1. a)  AFM image and b) absorption coefficient (black), extinction coefficient (blue) and inset reflectance of the 2D perovskite film. Wavelength units: 
nm. 
 
Figure 1a shows an AFM image of the 2D film, which presented a granular structure with a grain size 
around 1 µm and a roughness of 30 nm. This particular morphology allows the adequate measurements of 
the optical properties of the films without large amounts of scattering. Absorption and extinction 
coefficients are shown in Fig. 1b. Clearly high values of both are reached for wavelengths below 520 nm, 
particularly in the absorption values over 104 cm-1 are significant for photovoltaic applications. The values 
near to high wavelengths can be attributed to scattering due to roughness of the film.  The inset presents 
the value for diffuse reflectance. By extrapolating the linear region of the absorption coefficient the 
electronic energy gap is estimated to be 2.31 eV and 2.36 eV for 3D and 2D perovskite, respectively. 
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FIG 2.  a) XRD diffractogram of the 3D and  2D  perovskite films. b) Crystal structure of the 2D perovskite.  
 
To characterize the perovskite-thin films, X-Ray diffraction pattern (XRD) for (MA)2(PA)2Pb3Br10 and 
MAPbBr3 were used, and the results are shown in Fig. 2a.  Both XRD patterns match those already 
reported for these two perovskite films5.  The obtained 3D perovskite presented a cubic with (100) and 
(200) diffraction peaks, while the 2D layered structure had more intense diffraction peaks of the (202) 
plane, indicating preferential growing of the films, which should have consequences in the optical 
properties. In Fig. 2b is clearly observed the 2D configuration of the material, with planes of 2 octahedrons 
separated by the PA molecule.  
The F-scan experimental set-up is depicted in Fig. 3.  In this experiment, the signal is recovered by 
transmission and by reflection. In the first case, the light that impinges on the sample is transmitted and 
information about TPA coefficient is obtained. In the second case, the light reflected by the sample surface 
is analyzed, and information of the nonlinear refractive index is obtained.  
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FIG 3. Experimental setup for F-scan configuration. The light that is transmitted by the sample is collected in the T-integrated sphere PD1 
(TF-scan). The reflected light is analyzed by PD2 (RF-scan). 
 
A laser Gaussian beam modulated with a chopper impinges on the EFTL, which is a lens that has the capability to 
vary its focal distance 𝑓 over a specific range when an electric current is applied to it. The EFTL then focuses the 
Gaussian beam at different positions. The sample is placed at a fixed position 𝑑𝑠 inside the range of the EFTL. The 
light transmitted through the sample is collected by a T-integrated sphere that has a photodetector PD1, and the 
light reflected by the sample is collected by a second T-Integrated sphere and a photodetector PD2. These 
configurations, i.e., transmission and reflection, are named TF-scan and RF-scan respectively. In both cases, the 
output signal is filtered with a Lock-in amplifier and processed with a computer (PC). 
For the experimental implementation of the TF-scan and RF-scan we used a Q-switched laser with repetition rate 
of 11.4 kHz, pulse width of < 1 ns, and laser emission centered at 1064 nm. The average power at the entrance 
surface of the sample was 30 mW, and the beam diameter at the EFTL was 𝐷 = 1.5 ± 0.1 mm. The Electrically 
Focus-Tunable Lens is an OPTOTUNE-1030, controlled by an OPTOTUNE lens driver that gives a maximum 
current of 300 mA with a resolution of 0.1 mA, given a focal length resolution of 0.017 mm. We used a large area 
Si-photodiode to measure the transmitted and reflected laser light. The current generated by the photodiode is sent 
to a STANFORD RESEARCH 830 dual channel Lock-in amplifier, controlled through a GPIB interface. 
To determine the TPA coefficient 𝛽 and nonlinear refractive index 𝑛2, we measured the transmittance and 
reflectance of the nonlinear medium as a function of the focal length, 𝑓, (see Fig. 3). When the distance |𝑑𝑠 − 𝑓| 
is large the normalized signal has a value close to unity because linear optical effects are produced in the sample. 
In contrast, small values of |𝑑𝑠 − 𝑓| imply that the laser beam is focused near the sample, thus increasing the 
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optical intensity and generating nonlinear optical phenomena such as TPA and changes in the refractive index. 
Both, TPA and nonlinear refractive index are obtained by fitting theoretical curves given by Eq. (1) and Eq. (4), to 
the experimental data, using 𝛽 and 𝑛2 as the fitting parameters.  
For the case of nonlinear optical properties, we shown TF-scan traces for 3D and 2D thin-film perovskites 
in Fig. 4. In this case, we used glass as substrate such it does not generate nonlinear optical. A normalized 
transmission peak shows that saturable absorption is presented, therefore a negative sign of TPA is 
obtained. To calculate the value of 𝛽 we fitted the transmission 𝑇(𝑓) experimental data by means of 
equation (1), 
𝑇(𝑓) =
1
𝐵(𝑓)
∫ ln[1 + 𝐵(𝑓)sech
2(𝜌)]d𝜌
∞
0
, (1) 
Where 𝐵(𝑓) = 𝛽(1 − 𝑅)𝐼𝑜(𝑓)𝐿𝑒𝑓𝑓. Here 𝑅 is the reflection coefficient, 𝐼𝑜 is the peak intensity of the 
beam as the function of the focal length, 𝐿𝑒𝑓𝑓 = (1 − 𝑒
−𝛼𝐿) 𝛼⁄  is the effective sample thickness, with 𝐿 
is the sample thickness and 𝛼 = 10−4cm−1 is the linear absorption coefficient. Finally, 𝜌 is an integration 
variable expressed as 𝜌 = 2ln(1 + √2)/𝜏, and 𝜏 is the full width at half-maximum pulse duration. As an 
important aspect, we found that 3D perovskite presents a 𝛽 = (−6.0 ± 2.0) cm MW⁄  which is lower than 
the TPA coefficient for the 2D configuration, 𝛽 = (−25.6 ± 7.3) cm MW⁄ . 
 
(a) 
 
(b) 
FIG 4. TF-scan results for a) 3D Perovskite and b) 2D Perovskite. 
 
 
For the case of nonlinear refractive index, we implemented the RF-scan technique, where the sample is 
tilted an angle 𝜃 with respect to the incident beam. Light reflected by the sample surface is redirected to 
a T-integrated sphere and the reflectance of the system is analyzed. When the intensity of the beam is 
high, i.e., when the sample position is closed to the EFTL focal distance, a change in the refractive index 
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is induced into the sample. This situation modifies the intensity of the beam registered by the detector, 
and the non-linear refractive index 𝑛2 can be measured. The intensity of the laser beam reflected by the 
sample can be calculated using a Fresnel expression for the amplitude reflection coefficient 𝑅(𝑛, 𝜃). 
Here ?̅? = ?̅?0 + Δ?̅?(𝐼) is the complex refractive index of the material, with 𝑛𝑜 being the linear refractive 
index and Δ?̅? = 𝑛2 + 𝑖𝜅2 is the complex nonlinear refractive index
22. In the last expression 𝑛2 is the 
nonlinear refractive index and 𝑘2 is the nonlinear extinction coefficient. The normalized reflectance ℛ𝑁, 
measured by a detector coupled to T-integrated sphere can be calculated as the intensity reflected by the 
sample. Having into account the linear and nonlinear optical contributions, this can be expressed as:  
ℛ𝑁(𝑧, 𝜃) =  
∫ |𝑅(𝜃)|2𝐼(𝑟, 𝑧)𝑟𝑑𝑟
∞
𝑜
∫ |𝑅0(𝜃)|2𝐼(𝑟, 𝑧)𝑟𝑑𝑟
∞
𝑜
 
(2) 
In equation (2) 𝑧 = 𝑑𝑠 − 𝑓, 𝑟 is the spatial coordinate associated to the transversal area of a Gaussian beam, and 
𝐼 = 𝐼𝑜 (
𝑤𝑜
𝑤
)
𝑒
exp (−2
𝑟2
𝑤2
) is the beam intensity on the sample surface. Expanding 𝑅(𝜃) in a Taylor series: =
𝑅0(𝜃) + Δ𝑛
𝜕𝑅(𝜃)
𝜕𝑛
|
Δ𝑛=0
 , with 𝑅0(𝜃) being the linear complex reflection coefficient and Δ𝑛 = 𝑛2𝐼, we can 
found an expression to ℛ𝑁: 
ℛ𝑁(𝑓, 𝜃) =  1 +
𝑅𝑒{𝛿(𝜃)}
1 + (
𝑑𝑠 − 𝑓
𝑧0
)
2  
(3) 
The quantity 𝛿(𝜃) =
𝑛2𝐼0
𝑅0
𝜕𝑅(𝜃)
𝜕𝑛
|
Δ𝑛=0
is defined as the normalized-nonlinear reflection coefficient, and it is the 
ratio between the nonlinear and the linear contributions on the reflection coefficient at 𝑟 = 0 and 𝑧 = 0. In this 
way, the final expression for ℛ𝑁 is: 
ℛ𝑁(𝑓, 𝜃) = 1 + 𝑅𝑒
{
 
 
(
2𝑛0
3
𝑐𝑜𝑠 𝜃 − 4𝑛0
2
𝑠𝑖𝑛2 𝜃 𝑐𝑜𝑠 𝜃
𝑛0
4
𝑐𝑜𝑠2 𝜃 − 𝑛0
2
+ 𝑠𝑖𝑛2 𝜃
) .
(𝑛2 + 𝑖𝜅2)𝐼0
√𝑛0
2
− 𝑠𝑖𝑛2 𝜃}
 
 
∙
1
1 + (
𝑑𝑠 − 𝑓
𝑧0
)
2 (4) 
Equation (4) is the expression used to fit the experimental data. Figure 5 shows the RF-scans for both perovskites 
when the incident angle is near to 60°.  The obtained values for the nonlinear refractive index are  𝑛2 =
(−0.2 ± 0.6) cm
2
GW⁄   and 𝑛2 = (−0.12 ± 0.02)
cm2
GW⁄  for 3D and 2D perovskites, respectively. From 
the measured values of two-photon absorption coefficient and nonlinear refractive index, we can calculate the 
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nonlinear figure of merit26 𝐹 = 𝑛2 (𝛽𝜆)⁄ . This quantity is an important parameter to show that these materials can 
be used in several photonics applications such as optical limiting devices an all-optical switching devices. The 
values of nonlinear optical parameters as well as the figure on merit for 3D and 2D hybrid perovskites are listed in 
Table I.  
TABLE I.  Nonlinear optical properties for 2D and 3D perovskites. 
Sample Wavelength (nm) Thickness (nm) 𝜷 (𝐜𝐦/𝐌𝐖) 𝒏𝟐 (𝐜𝐦
𝟐 𝐆𝐖⁄ ) 𝑭 
2D 1064 700 −25.6 ± 7.3 −0.12 ± 0.02 0.04 
3D 1064 500 −6.0 ± 2.0 −0.2 ± 0.6 0.31 
 
Other important aspect of the results obtained here is the difference between TPA values for 2D and 3D perovskites 
(around one order of magnitude). It is found that 2D perovskite can give rise to multiple-quantum-well structures, 
in which the organic part serves as potential wells, and the organic layer functions as potential barriers10. The photo-
generated bound excitons are therefore confined within the inorganic slab, and when combined with the dielectric 
screening, a larger excitons binding energy is obtained. The large binding energy can enhance the nonlinear 
response of the system due to strong oscillation of the generated excitons27.  
  
FIG 5. RF-scan results for a) 3D Perovskite and b) 2D Perovskite. 
 
In conclusion, we have measured the TPA coefficient and nonlinear refractive index for hybrid perovskite 
materials with different dimensionality. We used a TF-scan and RF-scan techniques at 1064 nm for 
MAPbBr3 and (PA)2(MA)2Pb3Br10, referred as 3D and a 2D perovskite thin films, respectively. The values 
obtained for these parameters are 𝛽 = (−6.0 ± 2.0) cm MW⁄   and 𝑛2 = (−0.2 ± 0.6)
cm2
GW⁄  for 
MAPbBr3 3D perovskite and 𝛽 = (−25.6 ± 7.3) cm MW⁄  and 𝑛2 = (−0.12 ± 0.02)
cm2
GW⁄  for 
(PA)2(MA)2Pb3Br10 2D perovskite. These results predict a nonlinear figure of merit for photonics 
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applications suggesting 3D and 2D hybrid perovskite as potential materials for photonic devices. We 
compared the dimensionality effect for both materials, and we found that TPA value in 2D hybrid 
perovskite is one order of magnitude higher that 3D perovskite. This difference is explained if we 
considered the effect of exciton confinement, which enhances the nonlinear optical response of the system. 
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